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1 INTRODUCTION 

The HEAD program models the head dome complex burning region of NASA's 
Advanced Solid Rocket Motor (ASRM) design. In keeping with the generality of the 
CBRM-A program, HEAD has been written as general as possible in the allotted 
time. Also, the software was developed so as to allow a smooth integration into the 
CBRM-A program. This approach allows the head dome to be studied separately or 
as a part of the whole motor. 

2 STAND-ALONE PROGRAM HEAD 

2.1 Methodology 

The method used for modeling the head dome is similar to that used for the 
transition region of CBRM-A. The desired quantities are the same: the grain surface 
area, the port volume, and the surface areaof the exposed case. Numerical integration 
is used to determine the grain surface area and the change in port volume. The initial 
port volume is calculated to which is added the change in port volume at each bum 
distance step to give the current port volume. 

Notable points of intersection of the various surfaces comprising the head 
dome are calculated (Fig. 1) and the head dome is divided into many small volumes 
bounded by cross-sectional planes with normals parallel to the z-axis (Fig. 2). Within 
each plane of cross-section the length of the curve associated with each head dome 
surface is calculated and these lengths are summed for a total burning-surface curve 
length within the cross-section. These curve lengths are numerically integrated using 
the trapezoidal rule yielding the grain surface area (the exposed-case surface area is 
treated similarly). The resulting grain surface areas are also integrated by the 
trapezoidal rule yielding the change in port volume which is added to the initial port 
volume at each step. 

Thkre is one surface not included in the cross-sections (labelled SURFHD in 
Fig. 1) since the surface normal is parallel to the z-axis. The calculation of the 
contributions to the burning surface area or exposed-case surface area of this 
component is simple and is done directly. 

Generalization in the head dome is much more difficult than in the star and 
cylindrical regions. Simply moving a surface often necessitates creating new surfaces 
to fill gaps (Fig. 3b). This is the case with thr ASRM design used during the 
development of the program. The errors introduced by the lack of these gap-filling 
surfaces is usua!!j.. quite smd!! as id i i  'bt S C ~ I I  ;II Fig. 4. 
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2.2 Input 

Input to the HEAD program is a NAMELIST file identical to that of the 
CBRM-A and the combined CBRM-A/HEAD programs. This allows the creation of 
one NAMELIST file to be used with any of the programs avoiding the need for 
multiple input files for a given grain design. HEAD required the addition of several 
variables to the NAMELIST file to describe the geometry of the head dome. These 
variables are shown in Fig. 5. Note that conxl and corn2 describe characteristics of 
the star region. This is necessary to match the slope of the star valley floor with the 
head valley floor. 

2.3 Output 

Program HEAD produces a tabulation of the bum distance, the grain surface 
area, the exposed case surface area, and the port volume (see appendix A). The code 
was developed on a Silicon Graphics IRIS 4D graphics workstation. Graphical 
debugging aids were incorporated into the code to provide three-dimensional views of 
the head dome surface as it bums back. A two-dimensional cross-section is also 
displayed at any specified z-position. This visualization allows an analyst to 
recognize inconsistencies in input geometry much more quickly. 

3 CBRM WITH HEAD 

3.1 Description 

Program HEAD has been combined with the CBRM program developed by 
UAH resulting in a simulation of the complex burning region of the entire motor. Two 
subroutines were added, hedset and hedbrn, which calculate surface parameters and 
regress the grain for a given burn distance, respectively. The methodology employed is 
the same as that for the stand-alone program HEAD. Input to the CBRM-A/HEAD 
program is a NAMELIST identical to the CBRM-A program with the added variables 
as shown in Fig. 5. 

3.2 Output 

Subroutine hedbrn interfaces with the program just as the subroutines for the 
other regions of the motor do. Currently, the iosubs routines have been modified along 
with the output section of the main program in order to provide tabulated output of the 
ga in  sinface ares similar tn the oi~tpi~t nf the other routines. .4 m x ~ ! e  cf the oiitput is 
provided in appendix C. 
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Three-dimensional view of the head region. 

Fig. 2 
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a. 

Rotating the plane slightly creates a small gap between 
the plane and the torus. 

b: 

Fig. 3 
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PL1 
Gap created by slight rotation of PL1. 

Cross-section through motor in the head region 
showing only hall of a peak and valley. 

Fig. 4 
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APPENDIX A 

NAMELIST Input 



** BEGIN PROGRAM CBRM ** 
CBRM INPUT DATA FOLLOWS ... 
$ IB2DAT 
AINCIN = 44.07500000000000 I 83.94500000000000 I 

186.3550000000000 I 205.8850000000000 I 294.0750000000000 I 

361.3970000000000 I 362.2450000000000 I 367.3890000000000 I 

368.2370000000000 I 394.0750000000000 I 444.0750000000000 I 

478.9650000000000 I 525.1970000000000 I 527.4200000000000 , 
566.6900000000000 I 681.3970000000000 I 682.2470000000000 I 

687.3870000000000 I 688.2370000000000 I 694.0750000000000 I 

769.0750000000000 , 832.7970000000000 I 841.3970000000000 I 

842.2470000000000 I 847.3870000000000 I 848.2370000000000 I 

877.2950000000000 I 959.8460000000000 I 1005.357000000000 I 

1007.597000000000 I 1101.867000000000 I 1194.075000000000 , 
1297.282000000000 1327.582000000000 I 1333.702000000000 I 

15*0.000000000000000oE+oo, 
R I  = 3*17.00000000000000 I 28.00000000000000 I 

28.78700000000000 I 29.35900000000000 I 29.36600000000000 , 
29.41000000000000 I 29.41700000000000 I 29.63600000000000 , 
30.06100000000000 I 30.36000000000000 30.75000000000000 I 

2*28.40000000000000 I 29.15650000000000 I 29.16210000000000 I 

29.19610000000000 I 29.20170000000000 29.24000000000000 I 

29.73660000000000 30.15820000000000 I 30.21510000000000 I 

30.22080000000000 30.25480000000000 I 30.26040000000000 
30.45200000000000 I 30.99890000000000 , 31.30000000000000 I 

2*30.70000000000000 I 35.56130000000000 I 41.00250000000000 I 

42.60000000000000 I 45.62700000000000 I 15*0.0000000000000000E+001 
RVF = 63.45000000000000 I 64.80000000000000 I 

65.35000000000000 I .62.51000000000000 I 28.78700000000000 I 

29.35900000000000 I 29.36600000000000 , 29.40950000000000 I 

29.41700000000000 I 29.63600000000000 I 30.06100000000000 I 

30.36000000000000 I 55.00000000000000 I 2*28.40000000000000 I 

29.15650000000000 I 29.16210000000000 I 29.19610000000000 I 

29.20170000000000 I 29.24000000000000 I 29.73660000000000 I 

30.15820000000000 I 30.21510000000000 I 30.22080000000000 I 

30.25480000000000 I 30.26040000000000 I 30.45270000000000 I 

30.99890000000000 I 55.00000000000000 I 2*30.70000000000000 I 

35.56130000000000 I 41.00250000000000 I 42.60000000000000 I 

45.62700000000000 , 15*0.000000000000000OE+OO, 
RF = 71.85400000000000 I 73.15000000000000 I 

73.70000000000000 74.30000000000000 I 2*74.37500000000000 I 

2*74.31700000000000 4*74.37500000000000 I 68.00000000000000 I 

70.50000000000000 I 2*74.37500000000000 I 2*74.31700000000000 I 

4*74.37500000000000 I 74.37100000000000 I 74.31300000000000 I 

74.30800000000000 I 74.36600000000000 I 74.35000000000000 I 

74.31700000000000 I 68.00000000000000 70.12000000000000 I 

74.12000000000000 I 73.72800000000000 , 73.29500000000000 I 

72.67400000000000 I 72.19100000000000 I 15*0.0000000000000000E+001 
DELTXF = 20.99200000000000 I 20.33300000000000 I 

3*0.0000000000000000E+00, 
DELTYF = 5.160000000000000 , 5.161000000000000 I 

3*0.0000000000000000E+O01 
"IF = 2*0.3000000000000000 , ?*o nannnnnOnn0Qn@00~~nnI 
DELTXA = 6.555000000000000 I 7.019000000000000 I 

3*0.000000000~000000E+00,  
DELTYA = 3.875000000000000 I 4.000000000000000 I 

3*0.0000000000000000E+O01 
T I A  = 5*0.0000000000000000E+OO, 
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ZAFT = 1333.702000000000 I 1336.458000000000 

15*0.0000000000000000E+O01 
AFTRI = 45.62700000000000 I 47.21810000000000 I 

15*0.0000000000000000E+00, 
CIRAD = 20*0.0000000000000000E+O01 
ZCORD = 1333.702000000000 I 1334.468000000000 I 

1343.582000000000 I 1357.582000000000 I 1375.8~7000000000 

51.30000000000000 I 51.65000000000000 I 52.70000000000000 

1336.053000000000 I 1336.458000000000 I 1341.731000000000 
1349.881000000000 I 1353.867000000000 I 1356.366000000000 
1359.543000000000 I 1362.824000000000 , 1364.824000000000 
1369.664000000000 I 1373.511000000000 I 1374.539000000000 
1375.656000000000 I 1375.762000000000 I 1375.837000000000 

33*0.0000000000000000E+00, 
XCORD = 72.19100000000000 I 72.10300000000000 , 

71.78300000000000 I 71.66800000000000 70.24400000000000 
68.40200000000000 , 67.37400000000000 66.52900000000000 
65.14000000000000 I 63.35600000000000 , 62.16000000000000 

53.77900000000000 I 53.14900000000000 , 52.70000000000000 
58.77900000000000 I 56.17600000000000 55.00900000000000 

33*0.0000000000000000E+O01 
NSTARS = 
NRF - 
-LANE = 
RTOPTA = 
RTOPTF = 
YHIA = 
YLOA = 
XHIA = 
XLOA = 
XHIF - 
XLOF - - 
WIDCO = 
RBOTTP = 
R 3  
FR - 
DEL2 - 
IISLOT = 
IDPNOZ = 
NOIDPS = 
NOCASE = 
NOCASA = 
T M A x =  
DTAU = 
NDUMP = 
NDUMPE = 
RANGLO = 
RANGHI = 
TSTART = 
RTO - 
ZTO - 
CONXl = 
c o w  = 
CONX3 = 
CON23 = 
CON24 = 
HDBFX = 

- 

- 

- 
- 
- 

- 
- 

11 I 
31 

35 I 
3.000000000000000 
2.073370000000000 
3.000000000000000 
1.875000000000000 
27.00000000000000 
29.00000000000000 
28.64700000000000 
29.00000000000000 
6.000000000000000 
1.620000000000000 
4.000000000000000 
1.620000000000000 
20.00000000000000 

21 

17 I 
4, 

100.0000000000000 
0.5000000000000000 

100, 
01 

13 I 

51 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

29, 3*0, 

I 

I 

O.OOOOOOOOOOOOOOOOE+OOl 
O . O O O O O O O O O O O O O ~ O ~ E + O O l  
O.OOOOOOOOOOOOOOOOE+OOl 
O.OOOOOOOOOOOOOOOOE+OOl 

201.3850000000000 I 

63.45000000000000 I 

17.00000000000000 I 

11.53000000000000 I 

3.000000000000000 , 
15.28000000000000 

64 aanoooonoaonno , 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

, 
r 

HDBFZ = 66.45400000000000 I 
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WBFR = 55.00000000000000 , 
W S F R  = 20.00000000000000 
s= 

A-3 



APPENDIX B 

Program HEAD Output 



I . BURN DIST 
r 0 .000  

0 .so0 
1 . o o o  
i .SO0 
2 . 0 0 0  
2 . 5 0 0  
3 . 0 0 0  
3 .500  
4 . 0 0 0  
4 . 5 0 0  
5 . 0 0 0  
5 . 5 0 0  

6 . 5 0 0  
7 . 0 0 0  
7 . 5 0 0  
8 . 0 0 0  
8 . 5 0 0  
9 . 0 0 0  
9 . s o 0  

1 0 . 0 0 0  
1 0 . 5 0 0  
1 1  . o o o  
1 1  . 5 0 0  
1 2 . 0 0 0  
1 2 . 5 0 0  
1 3 . 0 0 0  
1 3 . 5 0 0  
1 4 . 0 0 0  
1 4 . 5 0 0  
1 5 . 0 0 0  
1 5 . 5 0 0  
1 6 . 0 0 0  
1 6 . 5 0 0  
1 7 . 0 0 0  
1 7 . 5 0 0  
1 8 . 0 0 0  
1 8 . 5 0 0  

6 . 0 0 0  . 

1 9 , 0 0 0  
1 9 . 5 0 0  
2 0 . 0 0 0  
2 0  .SO0 
21 . o o o  

G R A I N  SURFA 
2 a 6 9 2 . s o ~  
28797 3 7 6  
2 a 9 2 4 . 9 6 2  
2 9 0 7 1  .48? 
2 9 2 2 9 . 2 6 6  
2 3 3 9 6 . 8 4 0  
2 9 5 7 7 . 9 3 9  
2 9 7 7 2 . 1  9 4  

2 9 4 4 3 . 5 6 1  
2 9 8 7 5 . 4 3 8  

2 9 0 1  7 .a32 
2 8 5 8 9  . o 4 0  
281 sa .86 i 
27745 .a07 
2 7 3 8 8 . 0 8 2  

20582 333 

24287 A77 
2 2 2 5 0 . 5 1 4  

1 9 0 3 2 . 7 9 0  
1 7 5 5 7 . 1 9 1  
1 6 1 53 -37 1 
1 4 8 0 1  ,753 
1 3 4 9 0 . 2 3 8  
1221 4 . 0 3 0  
1 0 9 7 9 . 3 6 3  

7 5 0 9 . 4 4 5  
6 4 3 4 . 0 2 7  

4421 , 6 6 5  
3512.572 
274 1 . 5 4 3  
2 1 6 2 . 8 0 0  

1 0 7 7 . 0 1 8  
6 3 6 . 0 4 5  
2 7 3 . 9 5 6  

2 8 . 4 0 9  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  

9 7 8 2 . 9 3 8  
a 6 2 5 . 7 9 7  

5 3 9 8  3 6 3  

i 5 9 8 . 2 2 8  

EXPQSED C A S E  SURF 
~.0',000 2.r- 

cf.000 
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 .000  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  

3 0 4 8 . 2 5 3  
4 6 9 9 . 5 1  6 

6 8 7 7 . 7 9 8  
7 7 6 9 . 5 9 4  
8 5 9 0 . 5 4 0  

9 1 75.1 41 
9 0 1 8 . 0 8 9  
9 5 7 9 . 8 2 8  

1 0 1 1 7 . 2 5  1 
1 0 6 3 2 . 9 4 8  
1 1 1 2 8 . 9 6 0  
1 1 6 0 6 . 6 1 8  
1 2 0 6 7 . 1  32 
1251 1 .601  
1 2 9 4 0 . 7 1  6 
1 3 3 4 0 . 7 9 9  
1 3 6 9 1  . 1 1 2  
1 4 0 0 8 . 4 1 4  
1 4 2 9 4 . 3 7 9  

1 4 7 6 9 . 3 0 7  
1 4 9 5 5 . 3 7 4  
1 5 1  0 3 . 1 3 7  
1 5 1  6 4 . 9 5 6  
1 5 1  6 4 . 9 5 6  
1 5 1  6 4 . 9 5 6  

5881.922 

9 2 8 1  . n o  

1 4 5 4 8 . 3 7  1 

_.__ -.-e. -A 

PORT V 
9 2 1  18 

1 0 6 4 9 1  
1 2 0 9 2 2  
1 3542 1 
1 4 9 9 3 6  
1 6 4 6 5 3  
1 7 9 3 9 6  
194234 
2 0 9 1 4 6  
2 2 3 9 7 6  
2 3 8 5 9  1 
2 5 2 9 9 3  
2 6 7 1  8 0  
2 8 1  15C 
2 9 4 9 3 9  

31 9 4 9 3  
3 3 0 2 0 1  
3 4 0 1  0 5  
3 4 9 2 5 3  
3 5 7 6 8 0  
3 6 5 4 1  9 
3 7 2 4 9 2  
3 7 8 9 1  8 
3 8 4 7 1  6 
3 8 9 9 0 7  
3 9 4 5 0 9  
398543 
4 0 2 0 2 9  
4 0 4 9 8 7  
4 0 7 4 4 2  
4 0 9 4 2 5  
41 0 9 8 9  
41 221 5 
413155 
41 3 8 2 4  
41 4252 
41 4 4 8 0  
4 14555 
4 1  4 5 6 3  
41 4 5 6 3  

. 41 4 5 6 3  
. 4 1 4 5 6 3  

307858 

.-.*....- 
OLUME 

. 3 4 5  

.457 

. 6 4 5  

.171 

. 8 6 6  

. 3 9 9  
' 3 0 7  
.057 
- 4 0 5  i 

.123 

. 0 9 8  

. 2 6 5  

.737 

.6 77 

.225 

.58G 1 

. 0 1 3  

.G53 

. 4 3 4  :. 

.432 8' 

. 4 9 9  ; 

.a47 

.422 

. 6 0 6  

. 4 1 6  

.284 

.382 . 

. 3 8 9  
, 9 4 8  
. 4 7 7  
, 5 6 2  
. 8 1 9  
.63 1 

. 3 9 7  

. 9 8 8  

. 0 9 0  

. 0 9 0  

. 0 9 0  
, 0 9 0  ' 

. sea 

. 6 i  a 

,517 ! 

. a 9 7  

ORlGiNAL PAGE k i  
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APPENDIX C 

CBRM/HEAD Output 



* 
. . . . . .  0- . . . . . . . . . . .  . . . . . . . . .  0 . . . . . . . . . .  + w 

0 

0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  m 0 ) m  
o m 0  ~ m r -  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
N 
.+ . . . .  

0 0 0 0 0  
0 0 0 0 0  
0 0 0 0 0  
0 0 0 0 0  
0 0 0 0 0  
0 0 0 0 0  
0 0 0 0 0  
0 0 0 0 0  
0 0 0 0 0  
O O O O I -  
I - m I - I - m  
- I - O ) m m  
N o m N  * . . . .v) 

0 
0 
0 
0 
0 
0 
0 
0 
0 m 
I- 
O 

w a 

0 
0 
0 
0 
0 
0 
0 
0 
0 
N 
0 
I- 

1 

0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
w w o  w m m  
m w I -  . .  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 d . .  
N 
W 
d 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  d o o m  m o o c y  
d W 0 0  
h!h!?? 

- 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  o m 0  
P a d  m o w  
- 0 0  . .  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 - 

0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  
d W ( D I -  
W W O N  G O N m  
d P N 0  . . .  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
I- 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
W 

0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  o c o o o o  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  

. . . . .  

0 0 N 
0 0 0 0 0  
0 . . . . . . . . . . .  0 . . . . .  \ . I . .  0 . . . . . . . . . .  0 0  . . . . . .  
0 0 0 + o  
0 0 0 w o  

.. ~ . . . . . . . . . A *  

0 0 0 0  
0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
o o o o o o o o o o o o o o o o o o o o o o o m o o o o o o  o o o o o o o o o o o m o o o o o o o o o o o d o o o o o 0  
~ 0 0 0 0 0 0 0 0 0 0  . 0 0 0 0 0 0 0 0 0 0 0  ~ 0 0 0 0 0 0  
m O O O O O O O O O O O O O O O O O O O o o o m o o o o o o  
N o o o o o o o o o o w o o o o o o o o o o o I - o o o o o o  

0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0  

. o o o m I - N m G m o  . 0 0 0 0 d 0 l 4 w 0 m O  . o o o o o o  
G I - o w d ( D 1 I m d I -  0 w w 0 N 0 m 0 0 N 0  o m m d w o  
m d w m o L n m G w N  d w m o w 9 d w o o o  0 - I - I - w o  

O G ~ O G G O O O ~ m O N G a m G G 0 0 m d o o w w ~ w ~ m  
0 N N m N h l m m m m ~ O w N N m N N m m m ~ c O I - I - I - I - I - w  
0 

r o  

m - m d c y d h l o l m w  m m w O d N N N 0 0 0  m m m m m o *  . . . . . . . . . .  . . . . . . . . . . .  . . . . .  
m o  c c  d o  w N  0 0 - 

0 0 0  0 0 
0 . . . . . . . . . . .  0 0  . . . . . . . . . I  0 . . . .  . .  . . . . .  0 .  . .  . . -  
0 + o  0 0 

c-1 



0 .o 
4. 
W 
0 
0 

0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  - 
m o  
m o  
'y.9 
m o o  
I-* 0 

m o  d o  
0 . .o 
0 
0 
0 
0 

0 0 0  
o o m  
o o m  
0 0  
0 0 0  
O O N  
0 0  
0 0  
0 0  
0 0  - m d  
NOI 
I -d 

0 0 m. 

. .  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
d 
W 
d 

m 

0 
0 
0 

0 
0 .  + 
W 
0 
0 
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
o m  
o r (  . o  
0 .  
*I- 
m 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 0  0 
0 0  0 
0 0  0 
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